We have investigated the magneto-optical properties of highly ordered Co-Pt alloy nanowire arrays embedded in anodic aluminum oxide templates. The magnetic field-dependent Stokes parameters, Faraday rotation angle and ellipticity were investigated by an in-house magneto-optical measurement system. The extracted hysteresis loops are broadly consistent with magnetic hysteresis loops obtained from the vibrating sample magnetometer. The maximum Faraday rotation angle and ellipticity of these samples were examined as a function of nanowire composition. With an increase of platinum content from 9 at.% to 86 at.% in the as-deposited nanowire arrays, the maximum Faraday rotation angle per length decreases linearly from 1 39 × 10 3 /cm to 1 58 × 10 2 /cm. The maximum ellipticity shows a similar behavior with the composition. These linear relationships suggest a dilution model for the magnetic moment in the alloy nanowires. Our results indicate that magnetooptical measurements comprise an effective and sensitive method for monitoring the behavior of AAO-based magnetic nanowire arrays.
INTRODUCTION
Co-Pt alloy materials 1 2 have attracted much attention as potential candidates for magneto-optical (MO) recording media and high-density perpendicular magnetic recording media because they exhibit strong perpendicular magnetic anisotropy, high coercivity and large Kerr rotation angle at blue wavelengths. However, up to now, although many works about magnetic properties and magneto optical Kerr effect (MOKE) of multilayer and thin films have been reported, there are relatively few reports on the fundamental magneto-optical Faraday effect (MOFE) of nanowire arrays. [3] [4] [5] [6] In our previous work [3] [4] [5] the MO properties of nanowire arrays as a function of wire diameter, wire length and annealing temperature have been studied. In this paper, we report an investigation on the compositional-dependent magnetic and MO properties of 14 nm diameter Co-Pt alloy nanowire arrays embedded in anodic aluminum oxide (AAO).
EXPERIMENTAL DETAILS
The samples fabricated in this work have been obtained by a self-assembly anodic process. The detailed fabrication * Author to whom correspondence should be addressed.
procedure of the AAO templates and the Co-Pt nanowire arrays has been reported previously. 7 Briefly, the electrolytes consist of H 2 PtCl 6 , CoSO 4 · 7H 2 O and H 3 BO 3 . The electrochemical deposition has been carried out with a 13.6 V AC (sinusoidal) voltage (200 Hz) at room temperature. Nanowire arrays of Co 1−x Pt x with seven different compositions (x = 0 09, 0.19, 0.28, 0.50, 0.60, 0.67 and 0.84) have been fabricated by adjusting the CoSO 4 · 7H 2 O concentration in the electrolytes. 7 In order to investigate the composition-dependent MO properties of the Co-Pt alloy nanowire arrays, all the AAO templates have been fabricated under the same conditions. The morphology and microstructure of the Co-Pt alloy nanowires were characterized by scanning electron microscopy (SEM, JEOL JSM-6300) and transmission electron microscopy (TEM, JEM-200CX).
The details of the MO setup are as follows. 4 A light beam is generated from a diode laser with a wavelength of 670 nm (Laser 2000, 3 mW). The beam passes sequentially through a polarizer, the pole pieces of the magnet with sample positioned in the gap centre, a photoelastic modulator (PEM) (Hinds Instruments, f = 42 kHz), an analyzer and finally a Si photodiode detector. A four-step measurement 8 was applied to obtain the raw intensity data. The first (f ) and second (2f ) harmonic components of One can see lattice fringes in two neighboring grains as well as the boundary between them. The grains do not have identical crystallographic orientations. Each grain is believed to act as a single magnetic domain particle. 7 9 An array of Co 0 50 Pt 0 50 nanowires with deposition time of 240 s has been chosen to examine the four normalized Stokes parameters 4 8 as a function of applied field and the results are displayed in Figures 2(a)-(d) . These Stokes parameters are normalized to the total intensity of monochromatic light emerging from the sample, i.e., the first Stokes parameter S 0 is defined as unity. It is apparent that the maximum value of S 1 (the second Stokes parameter as shown in Fig. 2(a) ) is 0.977 and the maximum value of S 2 (the third Stokes parameter -see Fig. 2(b) ) is 0.178. Therefore, the maximum value of S 1 2 + S 2 2 is calculated to be 0.986, close to unity, which indicates that the light remains mostly linearly polarized after passing through the sample. than that of the S 3 loops. It will also be seen that the loops exhibit switching jumps of varying magnitude, indicating that the setup is quite sensitive and reliable for the general measurement of the magneto-optical properties. The jumps in S 1 and S 2 are more pronounced than those in S 3 . It has been postulated 10 that the jumps in switching behavior arise from local magnetization reversal sites associated with compositional inhomogeneities induced in the tips of the wires during the AC electrodeposition.
RESULTS AND DISCUSSION
The Faraday rotation angle and ellipticity are significant parameters for any MO device. VSM hysteresis curves as well as the ellipticity (tan ) and Faraday rotation angle ( F ) of the Co 0 50 Pt 0 50 nanowire array are shown in Figures 3(a) -(c) respectively as a function of magnetic field. The VSM hysteresis loops were measured with the external magnetic field applied both parallel and perpendicular to the major axis of the nanowires. The large difference between the two remanence values shows that the easy axis of the sample is parallel to the wire axis. The ellipticity loop, tan , measured parallel to the major wire axis is shown in Figure 3 (b) and closely follows the corresponding VSM loop. The former is derived from the first harmonic signal obtained at a frequency of f and depends essentially upon S 0 and
because S 1 2 + S 2 2 + S 3 2 is close to unity. It is therefore not surprising to find that the tan loop is also similar to the S 3 loops (Figs. 2(c, d) ). . The features of the S 1 , S 2 and F loops are similar with respect to coercivity (6% smaller than the VSM loop) and the more pronounced switching jumps at low field.
In brief, the VSM loop (presumed to be an accurate measure of the switching behavior) is faithfully reproduced by the S 3 and tan loops but not by the S 1 , S 2 and F loops. At present we have no clear explanation for these inconsistencies but it should be noted that no such discrepancies have been observed in thin film samples examined by either the Kerr or the Faraday effects. 8 In semi-classical theory, 11 both the ellipticity angle and Faraday (and Kerr) rotation angle of ferromagnetic materials are proportional to the magnetization of the sample. This cannot be true for the nanowire arrays studied here which suggests that they present an exceptional case. Moreover, whereas the classical theory pertains to a continuous medium, wire samples consist of an array of discrete magnetic units. Inoue et al. 12 have shown that the Faraday rotation angle of a segmented sample differs from that of a continuous film. Acceptance of this fact still does not explain why the behavior of F and tan is different in an applied magnetic field, but it does provide some indication that the general theory may not be directly applicable to the nanowire samples. Clearly, further experimental and theory investigations are called for to clarify the issue.
Finally, we present typical results on the compositiondependent magneto-optical properties of 14 nm Co-Pt nanowire arrays. Figure 4 shows the maximum Faraday rotation angle and maximum tan of Co-Pt nanowire arrays as a function of Pt content. As seen in Figure 4 (a) the maximum value of F per unit length of wire decreases linearly from 3 77 × 10 3 /cm to 3 17 × 10 2 /cm as the platinum content ranges from 9 to 86 at.%. These values, even in the Co-rich samples, are much smaller than those quoted for bulk cobalt, 12 a result that is not explicable simply in terms of a reduced volumetric packing factor (estimated as 0.13 in our case). The discrete nature of the samples (magnetic units separated by AAO template) may be a more dominant factor in determining such behavior. 
CONCLUSION
We have undertaken a compositional-dependent MO study of Co-Pt alloy nanowire arrays embedded in AAO membranes. The results show that the light retains a strongly polarized component after transmission through the semitransparent AAO-based nanowire arrays. The maximum Faraday rotation angle, maximum ellipticity and saturation magnetization decrease linearly with Pt composition in the nanowire arrays which suggests that the mechanism responsible is the dilution of the magnetic moment in the alloy nanowires. It is likely that the discontinuous geometry of the magnetic materials plays an important role in influencing the MO properties, particularly the Faraday rotation angle. Further experimental and theoretical investigation is needed to gain a better understanding of the MO properties of the AAO-based nanowire arrays. Nevertheless, we have demonstrated that the measurements of Stokes parameters, Faraday rotation angle and ellipticity provide an effective means of monitoring the properties of AAO-based nanowire arrays.
